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Stepwise exchange reactions of acetate groups by trifluoroacetate groups have been observed for
[Rh,(0,CMe).{(C,H,)PPh,}]-2MeCO_H 1, in CDCI,-CF,CO,H at room temperature. The first reaction
involves a fast exchange of the two axial molecules of acetic acid as well as the acetate group trans to the
metallated phosphine. In a second step the exchange of one acetate group c/s to the metallated phosphine
occurs. The exchange of the second cis acetate group yielding [Rh,(0,CCF,),{(C,H,)PPh,}]-2CF,CO,H 3.
has been studied by '"H NMR spectroscopy. This exchange follows a rate equation which is dependent on
the concentration of trifluoroacetic acid used, &, = (k, + k,[CF,CO,H}*[Rh,]. The partially deuteriated
compound [Rh,(0,CCF,).{(C,D,)P(C,D,),}]-2CF,CO,H 3D in the presence of trifluoroacetic acid
undergoes D-H exchange at the ortho positions of the phenyl rings of the phosphine. This exchange has
been studied at 318 K. The observed D-H exchange is explained by an electrophilic attack at the rhodium-
carbon bond by the trifluoroacetic acid, which produces protonation of the ortho aromatic carbon atom,
and subsequent demetallation followed by a reverse metallation reaction. An X-ray crystal structure
determination of compound 3 has been carried out: space group P2,/n (monoclinic), a = 12.369(2).
b=21.711(6). ¢ =13.367(2), p=90.11(2)°, Z=4 and R = 0.044. It contains three trifluoroacetate
groups bridging a Rh,** unit which has a Rh—Rh bond distance of 2.438(1) A; the fourth bridging ligand is
a triphenylphosphine metallated at one of the ortho positions. Two molecules of trifluoroacetic acid

occupy the axial positions.

In the course of our investigation on the synthesis and reactivity
of orthometallated dirhodium(i) compounds, we have reported
the exchange reactions of the bridging acetate groups by
CD;CO,D in the monometallated compound [Rh,(0,CMe),-
{(C¢H,)PPh,}]-2MeCO,H 1.! The acetate groups trans to the
metallated phosphine and the two axial molecules of acetic acid
exchange very rapidly in CDCl;-CD;CO,D. The kinetic data
for the exchange of the other two acetate groups, which is
considerably slower, follow a two-term rate equation k,,, =
{k, + k,[CD;CO,D]*}[Rh,]. Electrophilic attack at one
oxygen atom of the bridging acetate groups by a proton of the
acetic acid is proposed to be the first and rate-determining
step of the exchange process.!

Using the isotopically labelled derivative of compound 1
[Rh,(0,CMe);{(C¢D,)P(C4Ds),}1:2MeCO,H 1D, we ob-
served that 909, D-H exchange occurs at the ortho positions
of the phenyl ring of the phosphine after 3 h in refluxing acetic
acid.! This observation was explained by consecutive reversible
Rh-C bond cleavage and C-H activation processes.

As an example of Rh—C activation, Morrison and Tocher 2
reported that [Rh,(0,CMe),{(C¢H,)PPh,},]-2MeCO,H 2
and RCOSH (R = Me, Ph or CMe;) react under refluxing
conditions yielding [Rh,(OSCR),(PPh,),] as the only isolable
compound.

t Supplementary data available: see Instructions for Authors, J. Chem.
Soc., Dalton Trans., 1994, Issue 1, pp. xxiii—xxviii.

The only kinetic study of the exchange of acetate groups
with carboxylic acid in this type of compounds has been
reported for the reaction of [Rh,(0,CMe),] with trifluoro-
acetic acid.?

We wanted to explore the reactivity of compounds 1 and 2
with other carboxylic acids under mild reaction conditions as an
alternative route to the preparation of other metallated com-
pounds of general composition [Rh,(O,CR),_ . {(CsH,)-
PPh,},]-2RCO,H (x = 1 or 2). This type of exchange reaction
has been extensively used in the preparation of different
[M2(92CR)4] compounds (M = Rh, Mo or W; R = alkyl or
aryl).

In this paper we describe the reaction of 1 with CF;CO,H at
room temperature to yield [Rh,(O,CCF;);{(C¢H,)PPh,}]-
2CF;CO,H 3. This is a stepwise reaction which involves some
partially substituted compounds. Some rate constants of the
last and slowest step of the exchange have been obtained. The
crystal structure of compound 3 is also described.

The D-H exchange process has been also studied for 3D, the
isotopically labelled derivative of 3, in CDCl,—CF,CO,H
mixtures of variable concentration at 45°C and some rate
constants have been obtained at this temperature.

Results
Exchange of Acetate Groups.—When [Rh,(0,CMe);-
{(C¢H,)PPh,}]-2MeCO,H 1 is dissolved in a CDCl;~CF;-
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CO,H mixture of variable composition at room temperature,
three consecutive processes, of decreasing rate, are detected by
'H NMR spectroscopy: (i) the signal at § 2.32, due to the trans
MeCO, ™~ group disappears ( <1 min), (i) the signal at & 1.29,
due to the two cis MeCO,~ groups, decreases to half its
intensity and shifts slightly (<5 min) and (iii) this signal
completely disappears (<3 h) (Scheme 1). The spectrum of a
freshly prepared solution (<1 min) of 1 in CDCl,-CF;CO,H
(1:2, 3 cm?) is consistent with the existence of the partially
substituted compound [Rh,(0,CMe),;(O,CCF;),,,,{(CcH,)-
PPh,}]-2CF;CO,H 4, as the main product in solution. This
compound has been isolated and characterized by elemental
analysis and 'H and *!P NMR spectroscopy.

When compound 1 is maintained in CDC1;—CF;CO,H at
room temperature for several hours the totally substituted
compound [Rh,(0,CCF;);{(C,H,)PPh,}]-2CF,CO,H 3, is
formed (Scheme 1). Process (ii) is too fast to be monitored by 'H
NMR spectroscopy (z, <300 s). The slowest exchange process
(iii) has been studied by 'H NMR spectroscopy, monitoring the
disappearance of the signal at & 1.29 due to the cis acetate
groups in solutions of 1 in CDCl;-CF;CO,H mixtures of
variable composition ([CF;CO,H] = 0.0-4.63 mol dm™3). The
experiments were run at room temperature. In contrast to the
behaviour of 1, the doubly metallated compound [Rh,(O,-
CMe),{(C¢H,)PPh,},]-2MeCO,H 2 immediately exchanges
both bridging acetate groups in the presence of trifluoroacetic
acid.

By treating 3 with acetic acid with careful control of the
reaction conditions we have isolated the partially exchanged
species  [Rhy(0,CCF3),5(0,CMe), 05 {(CsHa)PPh, }]-2Me-
CO,H 5. Compounds 3-5 have been spectroscopically
characterized and the crystal structure of compound 3 has been
solved.

Exchange Reaction Kinetics.—According to the procedure
described in the Experimental section, we obtained k,,, values
from the slopes of In R* vs. time. As the modification of the
concentration of compound 1 did not show any significant
change in the observed rate constants, we assume that this
exchange reaction is first order in [1]. In order to measure the
isotopic effect of the process, we reproduced the experiments by
dissolving compound 1 in CDCIl;-CF;CO,D. For the sake
of comparison with acetate exchange studies made with
CD,CO,D,! the same concentrations and temperatures were
used. Table 1 shows the observed rate constants for the
reactions performed at 298 K at different concentrations of
trifluoroacetic acid.

Although the experimental data could be fit to a saturation
kinetics rate equation of type kg = k; + k,[CF;-
CO,H]/(K + [CF;CO,H])), the above mentioned comparison
prompted us to fit these data with rate equation (1),

kons = k1 + k,[CF3CO,HJ" 1

with n = 0.5 (Fig. 1). No important kinetic isotopic effect is
observed for the runs carried out when CF,CO,D is used
[£2) : k2 = 1.14]. This difference is attributable to changes
in the dissociation constant of the acid.

Additional experiments at different temperatures were also
run in order to compare the rates of the carboxylate exchange
with those obtained for the D-H exchange.

Deuterium—Hydrogen Exchange—When the isotopically
labelled compound [Rhy(O,CCF;);{(C¢D,)P(CDs),} ]
2CF;CO,H 3D reacts with trifluoroacetic acid, we observe two
new signals in the 'H NMR spectrum at 8 6.89 (3Jp; = 10.2 Hz)
and 7.49 (3Jpy = 11.1 Hz). These signals, which were already
present with very low intensity in the spectrum of 1D (from
which 3D is obtained) increase in intensity with time. This

* R = 31(MeCO,;,)/ZI(CH;) where I is the relative integral of the
NMR signal.
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Fig. 1 Plots of the observed rate constants, k,,, vs. [added acid]? for
the reactions studied at 25 °C using CF,;CO,H (O) and CF,CO,D ()
as compared to those obtained ' with CD,CO,D ()

observation is consistent with a D-H exchange at the ortho
positions of the phenyl rings of the phosphine yielding a
compound of final composition [Rh,(O,CCF,);{(C¢D;H)-
P(C¢D;3H,),}]-2CF;CO,H 3D".

Spectroscopically pure samples of 3D can be easily prepared
following the procedure described in the Experimental section.
We have measured the rates of the D-H exchange using
solutions of 3D in CDCIl; with different concentrations of
CF;CO,H at 45 °C. The values of &, (Table 2) are about two
orders of magnitude lower than those obtained for the exchange
of acetate bridging groups with trifluoroacetic acid at the same
temperature.

Although these values were obtained with much higher
uncertainties due to the slow character of the process, the
dependence of the observed rate constant with the concentration
of acid obeys equation (2).}

kobs = th,C[CF;,COzH]% (2)

t This assumption was taken due to its chemical significance, but a
saturation kinetics rate law cannot be excluded.
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We have monitored the reaction of 3D in CDCl; with
different concentrations of CF,CO,D at 45 °C. We find that the
corresponding &, are four times smaller than for the previous
reaction of 3D with CF;CO,H

No D-H exchange is observed for the isotopically labelled

doubly metallated compound [Rh,(0,CMe),{(C¢D,)-
P(C¢Ds),},12MeCO,H, 2D, after long reaction times (36 h)
at 50 °C.

Discussion

The above described data show that the k, and k, values are
about two orders of magnitude higher than when CD,CO,D is
used.’ This behaviour is due to the higher strength of the
trifluoroacetic acid. The D-H exchange in 1D can be explained
by an electrophilic attack at the rhodium-carbon bond by
trifiluoroacetic acid, which leads to the protonation of the
aromatic carbon atoms followed by a cyclometallation at one
ortho position. All the reactions involved in this process are
represented in Scheme 2.

As we are measuring a reversible process which approaches to
an equilibrium, the observed kinetic rate is a combination of the

Table 1 Measured values of k,,, of the cis-bridge substitution at
different concentrations of CF;CO,H and CF;CO,D at 25°C

[CF,CO,H/D]/

mol dm™? 046 093 1.85 278 3.70 4.63 555
10%K gpgy/s 375 525 6.85 872 9.73 11.12
Kooy 4.30 7.50 10.30

Table2 Values of &, for the ortho-phenyl D-H(H-D) exchange in 3D
at different concentrations of CF;CO,H at 45 °C

541

demetallation (k,) and metallation (k_,) processes, both
depending on the acid concentration, equation (3).
A+H*éHA+:ﬁHB+éB+H+ 3)

Previous studies on electrophilic M~C bond cleavage®
suggest that a tricentred transition state [M-C,H] is operating
in these types of reactions. On that basis we assume that the
HA™ species in our scheme must contain a protonated
trifluoroacetic acid in the axial co-ordination position adjacent
to the Rh—C bond of the metallated phosphine. As for the HB*
species the protonation of the equatorial trifluoroacetate group
might be the most likely arrangement.

The rate equation (4) is derived from this scheme.
= (Kk, + Kk )[H"][H"]Joc[CF;CO,H]* (4)

Under the experimental conditions used, the demetallated
species is not detected, so we assume that k, < k_; and
consequently k., ~ Kk ,[H*]. A similar but much slower
Rh-C activation was first observed for compound 1 in refluxing
MeCO,D. This is the first time that a study of the rate law has
been made for this kind of reaction.

ob<

Crystal Structure of [Rh;(O,CCF;);{(C¢H,)PPh,}]-2CF ;-
CO,H 3.—A view of the molecular structure of compound 3 is
shown in Fig. 2. Important bond distances and angles are given
in Table 3. Fractional positional parameters are summarized in
Table 4. In this structure the two rhodium atoms are bridged by
three trifluoroacetate groups and one triphenylphosphine
metallated in one phenyl ring; two oxygen atoms of two
trifluoroacetic acid molecules occupying the axial positions
complete the slightly distorted octahedral co-ordination around
the metal centres [angles in the range 84.1(2)-97.0(2)°]. The
Rh-Rh bond distance is 2.438(1) A. The Rh—Rh-O axial angles
are 172.1(1) and 168.9(2)°, slightly deviated from linearity.

[CF, COZH]J‘moI dm3 047 093 185 371 649 830 The Rh-O d.ista_nces involying the axial trifluoroacetic acid are
109k ,../s 17.1 225 30.1 464 56.6 673 long and significantly different, 2.414(7) and 2.304(6) A.
Such differences must be attributed to the presence of the
Ds Ds
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Fig. 2 Perspective view and atomic numbering of the compound 3

Table 3 Selected bond lengths (A) and angles (°) for compound 3 with
estimated standard deviations (e.s.d.s) in parentheses

Rh(1)}-Rh(2) 2.438(1) 0(3)}-C(3) 1.23(1)
Rh(1)-O(4) 2.053(5) 0(6)-C(2) 1.25(1)
Rh(2)-0(2) 2.041(6) 0(9)-C(5) 1.14(1)
Rh(2)-O(7) 2.304(6) C(2)-C(20) 1.52(1)
P(1)-C(21) 1.799(8) C(5)-C(50) 1.51(2)
0(2)}-C(1) 1.26(1) Rh(1)-O(1) 2.043(6)
0(5-C(2) 1.23(1) Rh(1)-0(9) 2.414(7)
0O(8)-C(4) 1.30(1) Rh(2)-0(6) 2.240(6)
C(1)-C(10) 1.50(1) P(1)-C(11) 1.805(9)
C(4)-C(40) 1.53(1) O(1)-C(1) 1.25(1)
Rh(1)-P(1) 2.217(2) O(4)-C(3) 1.276(9)
Rh(1)-0(5) 2.177(6) O(7)-C(4) 1.19(1)
Rh(2)-0(3) 2.062(6) O(10)-C(5) 1.33(1)
Rh(2)-C(26) 1.974(8) C(3)-C(30) 1.51(1)
P(1)-C(31) 1.812(8)

P(1-Rh(1)-Rh(2)  90.5(1) O(1)-Rh(1)-Rh(2)  86.2(2)
O(1)-Rh(1)-P(1) 91.9(2) O(4)-Rh(1)-Rh(2)  87.4(1)
O(4)-Rh(1)-P(1) 92.3(2) O(4y-Rh(1)-0(1)  172.42)
O(5)-Rh(1)-Rh(2)  88.6(2) O(G)»-Rh(1)-P(1)  179.2(2)
O(5)-Rh(1)-O(1)  88.3(2) O(5)-Rh(1)-0(4)  87.4(2)
O(9)-Rh(1)-Rh(2) 172.1(2) O(9)-Rh(1)-P(1) 96.5(2)
O(9)-Rh(1)}-O(1)  97.0(2) O(9)-Rh(1)-O(4)  88.8(2)
O(9)»Rh(1)-O(5)  84.3(2) O(2-Rh(2)-Rh(l)  87.6(2)
O(3)-Rh(2)-Rh(1)  87.0(2) O(3}-Rh(2)-0(2)  174.5(2)
O(6)-Rh(2-Rh(l)  84.1(2) O(6-Rh(2)-0(2)  86.9(2)
O(6)-Rh(2)-0(3)  91.7(2) O(7)-Rh(2)-Rh(1)  168.9(2)
O(T}-Rh(2-0(2)  91.3(2) O(7-Rh(2)-0(3)  93.92)
O(7)-Rh(2)-0(6)  84.8(2) C(26)-Rh(2)-Rh(1}  96.5(2)
C(26)-Rh(2)-0(2)  93.5(3) C(26)-Rh(2)-0(3)  88.0(3)
C(26)-Rh(2)~0(6)  179.3(3) C(26)-Rh(2)-O(7)  94.6(3)

unsymmetrical metallated phosphine. Two monometallated
dirhodium(i1) compounds have been characterized as acetic
acid adducts.® 7 In one case,” a similar difference is found for the
two axial Rh—O bond distances. In all these adducts the OH
groups of the axial acetic acid molecules show intramolecular
interaction with two oxygen atoms; in the previous mono-
metallated compounds®’ the interaction is established with
two oxygen atoms of the same bridging acetate, the one
opposite to the metallated phosphine, through intramolecular
hydrogen bonds. In the present case, H(101) is connected to
O(6) by a strong hydrogen-bonding interaction [O(6) « - - O(8)
2.60(1) A]. In contrast, the other axial acetic acid molecule
does not show such an intramolecular interaction. This

J. CHEM. SOC. DALTON TRANS. 1994

difference probably results in the different bond lengths of
Rh(1)-O(9) and Rh(2)-O(7). The equatorial Rh—O distances
are in the range 2.041(6)-2.240(6) A, those trans to carbon or
phosphorus atoms being longer than the rest in agreement with
the trans effect of the Rh—C and Rh-P bonds. The torsion
angles about the rhodium-rhodium bond are in the range
7.9(2)-12.6(2)°, indicating that the structure is closer to the
eclipsed conformation than to the staggered one.

Experimental

General Comments.—The compounds [Rh,(O,CMe);-
{(C¢H,)PPh,}]-:2MeCO,H 1 and [Rh,(0,CMe),;{(C¢D.)-
P(Cg¢Ds),}]-2MeCO,H 1D, were prepared according to
literature methods®® using PPh; and P(C¢Ds), respectively.
Commercially available P(C¢Ds); (Aldrich), CF;CO,H and
CDCl; were used as purchased. Proton NMR measurements
were recorded in Bruker AC-200, Varian-300 and Varian-400
spectrometers. All solvents were of analytical grade. Chloroform
and toluene were dried and degassed before use; acetic acid
was only degassed.

Synthesis of Compounds.—[Rh,(0,CMe),(O,C-
CF3)pans {(CeH,)PPh, }1-2CF,CO,H 4. Compound 1 (100 mg,
0.13 mmol) was dissolved in CHCl, (2 cm?) and CF,CO,H (0.25
cm?)added to the deep violet solution which immediately turned
green. Removal of the solvent under vacuum gave a crude green
solid which was recrystallized from CH,Cl,-hexane (10 cm?,
1:1) yielding [Rh,(0,CMe),; (O, CCF3),,4,,{(CsH4)PPh, | ]
2CF,CO,H 4 (yield 80%). NMR: *'P-{'H}, § 16.11 ("Jyyp =
143.7, gpp = 4.1 Hz); 'H, 8 1.25 (6 H, s, CH,), 6.3 (1 H,
complex, aromatic) and 6.5-7.9 (14 H, m, aromatic) (Found: C,
36.30: H,2.35. C,3H,,F;0,PRh, requires C, 36.70; H, 2.70%).

[Rh,(0,CCF;);{(CsH,)PPh,}]-2CF;CO,H 3 and [Rh,-
(O,CCF3);{(C¢D,)P(C4D5),}1-2CF,CO,H 3D. Compound 1
(50 mg, 0.065 mmol) was dissolved in CHCI; (1 c¢cm?®) and
CF;CO,H (1 cm®) added. The green solution was stirred at
room temperature for 24 h. The crude green solid was
recrystallized from CH,Cl,~hexane (1:1, 10 ¢cm?®) yielding
[Rh,(O,CCF;);{(C¢H,;)PPh,}]-:2CF;CO,H 3 (yield 82%).
NMR: *'P-{'H}, § 1437 ("Jgy p = 139.2, 2Jg, p» = 3.9 Hz);
'H, 3 6.4 (1 H, complex, aromatic) and 6.7-8.1 (14 H, m,
aromatic) (Found: C, 32.50; H, 1.55. C,3H,(F;50,,PRh,
requires C, 32.60; H, 2.00%,). The preparation of the compound
[Rh,(0,CCF;);{(CsD,)P(CsD5s),}1-2CF;CO,H 3D is similar
to that above except that 1D was used as the starting compound
and CF;CO,D as the carboxylic acid.

[Rhy(0;CCF3),,i(0,CMe),, 405 { (CeHa)PPh, } 1:2MeCO, H
5. Compound 3 (100 mg, 0.10 mmol) was dissolved in CHCI,
(1 cm?®) and MeCO,H was added to the green solution which
immediately turned violet. Removal of the solvent under
vacuum gave a crude solid which was recrystallized from
CH,Cl,-hexane (10 cm?, 1:1) yielding [Rh,(O,CCF,), ;-
(0,CMe),,..s{(CcH,)PPh,}]-2MeCO,H 5 (yield 929). NMR:
SIpITHY, 8 15.62 ("Jgy p = 140.1, 2Jgy, p = 5.4 Hz); 'H, 5 2.14
(6 H, s, CH;), 2.21 (3 H, s, CH3;), 6.3 (1 H, complex, aromatic)
and 6.5-7.9 (14 H, m, aromatic).

Reaction of 2D" with CF;CO,H. Compound 2D’ (50 mg,
0.048 mmol) was dissolved in CDCl,-CF,CO,H (0.7 cm?>, 1:1).
The solution immediately turned green. The *!P and 'H spectra
were recorded from the freshly prepared solution (¢ <5 min).
NMR: 3!'P-{'H} § 15.28 (' Jg,p = 160.1 Hz), 'H, § 2.21 (12 H,
s, CH;). The same sample was introduced in a thermostatted
bath (50 °C) for 36 h. No change was observed in the aromatic
region of the *H NMR spectrum.

Kinetic Measurements.—Kinetics of the reaction of compound
1 with CF,CO,H and CF,CO,D. Compound 1 (40 mg, 0.049
mmol) was added to an NMR tube and was dissolved in CDCl ;-
CF;CO,H (0.7 cm?). The probe of the NMR spectrometer was
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Table 4 Fractional positional parameters for compound 3 with e.s.d.s in parentheses

Atom X y z

Rh(D) 0.203 95(5) 0.167 04(3) 0.236 71(5)
Rh(2) 0.040 57(6) 0.133 32(3) 0.177 40(5)
P(1) 0.2290(2) 0.072 9(1) 0.323 6(2)
o) 0.104 7(5) 0.189 8(3) 0.380 0(4)
0O(2) —0.038 5(5) 0.142 0(3) 0.310 5(4)
O(3) 0.132 9(5) 0.128 6(3) 0.049 4(4)
O(4) 0.286 8(4) 0.147 2(3) 0.134 8(4)
o(5) 0.177 6(5) 0.258 9(3) 0.203 3(4)
O(6) 0.011 9(5) 0.234 3(3) 0.155 8(5)
o(7) —0.120 5(5) 0.121 5(3) 0.092 8(5)
O(8) —0.176 0(6) 0.218 7(4) 0.072 1(7)
(07¢))] 0.367 5(5) 0.211 2(3) 0.331 5(5)
0O(10) 0.477 8(6) 0.187 9(4) 0.204 2(6)
C( 0.009 3(8) 0.171 2(4) 0.378 7(7)
C(10) —0.058(1) 0.187 1(9) 0.468 5(9)
C(2) 0.087 3(8) 0.271 2(4) 0.171 2(7)
C(20) 0.061(1) 0.338 4(6) 0.150(1)
C(3) 0.231 8(8) 0.133 3(4) 0.057 1(6)
C(30) 0.297 1(9) 0.120 7(5) —0.036 1(7)
C(4) —0.183 4(8) 0.159 2(6) 0.065 2(7)
C(40) —0.290(1) 0.139 7(8) 0.015(1)
C(5) 0.448(1) 0.213 2(5) 0.290 8(8)
C(50) 0.549(1) 0.240 5(8) 0.337(1)
C(11) 0.366 7(7) 0.047 7(4) 0.305 7(7)
C(12) 0.445 6(7) 0.053 9(5) 0.379 2(8)
C(13) 0.550 1(8) 0.037 2(6) 0.357 4(9)
C(14) 0.579 5(9) 0.016 9(6) 0.262(1)
C(15) 0.504(1) 0.010 4(5) 0.192 1(9)

Atom X y z

C(16) 0.397 4(8) 0.025 1(4) 0.209 8(7)
C2h 0.145 1(7) 0.019 3(4) 0.256 3(6)
C(22) 0.163 1(8) —0.04434) 0.263 3(7)
C(23) 0.100 9(8) —0.085 2(5) 0.207 2(7)
C(24) 0.023 0(8) —0.060 7(5) 0.143 2(7)
C(25) 0.004 8(7) 0.002 5(4) 0.137 1(6)
C(26) 0.065 0(6) 0.044 1(4) 0.194 9(6)
C(31) 0.203 1(6) 0.066 %(4) 0.456 6(6)
C(32) 0.239 7(8) 0.114 4(5) 0.519 2(7)
C(33) 0.221 4(9) 0.109 6(6) 0.622 3(8)
C(34) 0.169.5(9) 0.060 3(7) 0.661 5(8)
C(35) 0.133 0(8) 0.015 5(6) 0.601 0(8)
C(36) 0.149 7(7) 0.018 1(5) 0.496 2(7)
F(11) —0.075(1) 0.139 2(5) 0.520 2(9)
F(12) —0.148 7(9) 0.202 9(8) 0.452 9(7)
F(13) —0.016 6(9) 0.219 5(7) 0.530 5(8)
F(21) -0.018 0(7) 0.347 4(3) 0.094 0(8)
F(22) 0.052(1) 0.368 3(5) 0.228 9(8)
F(23) 0.141 1(8) 0.3657(4) 0.104(1)
F(31) 0.400 5(6) 0.126 1(4) —0.026 4(5)
F(32) 0.282 4(7) 0.063 0(4) —0.063 8(7)
F(33) 0.266 4(6) 0.1529(5) —0.111 2(5)
F(41) —0.291 7(6) 0.081 8(5) —0.003 4(8)
F(42) —0.2952(7) 0.162 7(5) —0.075 1(7)
F(43) —0.369 4(7) 0.156 6(7) 0.058 2(9)
F(51) 0.526 7(8) 0.270 5(6) 0.416 8(8)
F(52) 0.622 1(8) 0.204 8(5) 0.356(1)
F(53) 0.589 3(8) 0.282 9(5) 0.282 2(7)

Table 5 Crystallographic data for compound 3

Dark green
0.20 x 0.20 x 0.10

Crystal colour
Crystal size (mm)

Formula C,gH,F,5s0,,PRh,
M 1032.17
Space group P2,/n
a'A 12.369(2)
b A 21.711(6)
A 13.367(2)
B o 90.11(2)
UA? 3590(1)
V4 4

*A 0.71073
D.gem? 1.91
wMo-Ka)/cm ™ 10.75
Drift corrections 0.98-1.00
F(000) 2008

equilibrated at 298, 303 or 308 K. The exchange of the cis
bridges was monitored by recording '*H NMR spectra of the
sample every 5 min and measuring the decrease of the signal at
& 1.25 corresponding to the cis MeCO,~ groups. In the
experiments run with concentrations of CF;CO,H lower than
I moldm *, two different rates were detected for the substitution
of the two cis acetate bridges, but only the slower one could be
measured. The total intensity of all the methyl resonances,
ZI(CH;), was taken as internal reference. This value
corresponds to 5 methyl groups per mol of rhodium dimer. The
percentage of protonated cis methyl groups is given by 100R,
where R = 3[/(MeCO, " ,)/ZI(CH;)]. A plot of In R vs. time
was linear with correlation coefficients within the range 0.992—
0.999. Activation parameters for the exchange reaction were
calculated from the corresponding Eyring plots according to the
data obtained from variable-temperature measurements.
Kinetics of the D-H exchange in 3D. Compound 3D (25 mg,
0.025 mmol) was introduced in an NMR tube and dissolved in
CDCl;-CF;CO,H. The NMR probe was equilibrated at 45 °C.
The Rh-C activation was monitored by measuring the increase
of the two doublets in the aromatic region at 3 6.88 and 7.49

taking the signal due to the acid proton as internal reference.
The same procedure was used to measure the isotopic effect
when using CF;CO,D and 3D’, a derivative of compound 3D in
which the aromatic ortho positions are totally protonated, and
measuring the decrease of intensity of these signals.

Crystallography —A well formed green crystal of compound
3 grown by slow diffusion of hexane into a solution of 3 in
CH,C1,-MeCO,H (1:1) was used for the structure determin-
ation. A Nonius CAD4 single-crystal diffractometer was used.
Unit-cell dimensions were determined from the angular settings
of 25 reflections with € in the range 15-20°. The space group
P2,/n was determined from systematic absences. 6743
Reflections were collected in the Ak/range — 14 to 14,0-25,0-15
with 0 < 8 < 25° and 3570 independent reflections with
I > 3o(I) were used for the analysis. The ©-26 scan technique
was used with a variable scan rate and a maximum scan time of
60 s per reflection. The structure was solved by Patterson
interpretation, using the program SHELX 86 % and expanded
with DIRDIF.® Isotropic least-squares refinement was
performed using a locally modified version of the SHELX 76
program.'® At this stage an additional empirical absorption
correction was applied.’’ The final conventional agreement
factors were R = 0.044 and R’ [=Zw(F, — F,)? where w! =
62(F,) + 0.0003F,2] = 0.044 for the 3570 observed reflections
and 506 variables. Geometrical calculations were made with
PARST,!? and the molecule drawn with the PLUTO
program.'? Calculations were performed on a VAX 4000 at the
Departamento de Quimica Fisica of the University of Valencia.

Crystallographic parameters and remaining experimental
details for the structure are collected in Table 5.

Additional material available from the Cambridge Crystallo-
graphic Data Centre comprises H-atom coordinates, thermal
parameters and remaining bond lengths and angles.

Electrochemical Measurements.—The electrochemical experi-
ments were carried out in a three-electrode cell; the working and
auxiliary electrodes were platinum and the reference electrode
was a saturated calomel electrode electrically connected to the
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solution by a salt bridge containing a saturated solution of the
supporting electrolyte and the solvent. Cyclic voltammograms
were obtained with a programming function generator 305 HQ
instrument connected to a AMEL potentiostat, and were
recorded on a RIKEN-DENSHI F-35 x-p recorder. The
solvent was CH,Cl, which had been freshly distilled from P,Os.
The supporting electrolyte, NBu,PF, was recrystallized from
ethanol and dried at 80 °C under vacuum for 48 h.

Cyclic voltammetry of compound 3 was performed to enable
a comparison of its electrochemical behaviour with that of other
related metallated products such as [Rh,(0,CMe);{(CcH,)-
PPh,}]-2MeCO,H 1, which has been described previously.'*

Compound 3 exhibits by cyclic voltammetry a partially
reversible oxidation peak at E, 1.55 V. This value is clearly
higher than that observed for the acetate-bridged derivative 1
(1.02 V)'* and reflects the strong effect of the electron-
demanding character of the trifluoroacetate bridges on the
dinuclear unit.
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